
Perceptions of moral character modulate the neural
systems of reward during the trust game

M R Delgado1, R H Frank2 & E A Phelps1,3

Studies of reward learning have implicated the striatum as part of a neural circuit that guides and adjusts future behavior on the

basis of reward feedback. Here we investigate whether prior social and moral information about potential trading partners affects

this neural circuitry. Participants made risky choices about whether to trust hypothetical trading partners after having read vivid

descriptions of life events indicating praiseworthy, neutral or suspect moral character. Despite equivalent reinforcement rates for

all partners, participants were persistently more likely to make risky choices with the ‘good’ partner. As expected from previous

studies, activation of the caudate nucleus differentiated between positive and negative feedback, but only for the ‘neutral’ partner.

Notably, it did not do so for the ‘good’ partner and did so only weakly for the ‘bad’ partner, suggesting that prior social and moral

perceptions can diminish reliance on feedback mechanisms in the neural circuitry of trial-and-error reward learning.

The human striatum has been implicated as a critical structure in trial-
and-error feedback processing and reward learning. In particular, the
caudate nucleus, a structure linked to learning and memory in both
animals1–3 and humans4–6, has been shown to have a role in processing
affective feedback7,8, with responses in this region varying according to
properties such as valence and magnitude9,10. It has been shown that
activation in the human caudate nucleus is modulated as a function of
trial-and-error learning with feedback5,6,11,12. Activation in this region
in response to reward feedback diminishes as, over time, cues begin to
predict the correct action and outcome, thus making feedback less
informative11. This has led to the hypothesis that the caudate nucleus
may serve as a key component of an ‘actor-critic’ model processing the
contingent behavior that led to the feedback, with the purpose of
guiding future actions13–15. Recently, this role for the caudate in
feedback processing has extended to social interactions in the economic
domain using a repeated-interaction ‘trust’ game in which participants
learned, through trial and error, whether their partners were trust-
worthy. As expected, activity in the caudate decreased over trials as
feedback from the partners became more predictable16.

Our study is motivated by the observation that not all choices are
made on the basis of trial-and-error learning involving material
rewards. Moral beliefs, for example, have been shown to influence
economic choices. In one study, participants were more likely
to cooperate in one-shot prisoner’s dilemmas if they perceived
their partners as cooperative after a brief period of informal conversa-
tion17. There is also evidence that many individuals are willing to
work for lower salaries if they believe their employer’s mission is
morally praiseworthy18.

To examine the influence of social and moral learning on choice, we
used an iterated version of the trust game involving two-person

interactions in which mutually beneficial outcomes are more likely if
partners are trustworthy and perceive one another as such19,20 (Fig. 1a).
Participants could either keep $1 on a given trial or transfer it to a
partner, in which case the partner would receive $3. The partner could
either keep the entire $3 or give half of it back (‘sharing’). In previous
experiments involving economic games, participants learn which
partners are trustworthy through trial and error16,21,22. In our version
of the game, participants were instructed that they would be playing
with three fictional partners and were given detailed, vivid descriptions
of each partner’s life events that indicated either praiseworthy, neutral
or suspect moral character. Participants were told that the partners’
responses might or might not be consistent with the descriptions given.
Presentation of the trust trials were intermixed with ‘lottery’ trials, in
which participants merely decided whether they wanted to play or not
play a lottery for a chance to earn $1.50 reward.

Previous investigations of the reward circuitry and error-based
learning15,18,23,24 suggest three possible hypotheses. One is that no
differences will be observed because rational economic decision makers
will view information about the moral characteristics of partners as
uninformative. Alternatively, information about moral characteristics
might create expectations, and failed predictions that are based on
those expectations might lead to an increase in the magnitude of
responses in the brain circuitry associated with trial-and-error learning.
A third possibility is that the bias induced by information about moral
characteristics will modulate the brain mechanisms associated with
trial-and-error learning, making participants less reliant on feedback or
willing to discount such information. The present results suggest that
moral beliefs can affect economic decision making, as a result of
modulations in the human caudate nucleus that may influence the
adjustment of choices based on trial-and-error feedback.
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RESULTS

Behavioral results

After reading each fictional partner’s biography, 12 participants gave
trustworthiness ratings before each experimental session. These ratings
confirmed that the manipulation affected the perceptions of trust-
worthiness (Fig. 1b). This was also reflected in choices: participants
made more ‘share’ (that is, transfer of money) than ‘keep’ decisions
when playing with the good partner (t11 ¼ 2.46, P o 0.05); however,
no such difference was observed when participants played with the bad
(t11 ¼ –1.42, P ¼ 0.18) or neutral (t11 ¼ –0.05, P ¼ 0.96) partners
(Fig. 1c). In addition, when comparing share decisions between
partners (good versus bad), participants made more share decisions
overall when playing with the good partner than with the bad
(t11 ¼ 3.26, P o 0.01) or neutral (t11 ¼ 2.0, P ¼ 0.07) partners.
Finally, using reaction time data acquired during the experimental
session, we observed that participants were faster to share when playing
with the good partner compared to the bad (t11 ¼ –3.73, P o 0.005)
and neutral partners (t11 ¼ –1.89, P ¼ 0.08). Thus, biasing the
participants according to the perceived moral characteristics of
partners influenced decision-making overall.

As the experiment progressed, however, participants learned in some
ways that the three partners were not responding quite in the manner
suggested by their descriptions. For example, trustworthiness ratings
acquired post-scanning differed from those acquired before scanning
(Fig. 1b), as indicated in a two-way analysis of variance (ANOVA)
by an interaction between partner and time of rating (F2,22 ¼ 11.78,
Po 0.0001). Further, after the experiment, we asked participants what
percentage of time they believed each partner shared with them (good:
mean ¼ 44.58, s.d. ¼ 22.10; bad: mean ¼ 35.00, s.d. ¼ 18.71; neutral:
mean ¼ 38.33, s.d. ¼ 19.11). Although the mean scores ordered
according to acquired bias (that is, good 4 neutral 4 bad), no
significant differences were observed when comparing the two extreme
partners (good versus bad: t11 ¼ 1.01, P ¼ 0.34). However, in spite of
this explicit knowledge of similar response patterns, an investigation of
early (first two of eight runs, containing roughly six trials per partner)
and late decisions (last two runs) showed that participants made more

share decisions when playing with the good
partner than with the bad partner, on both
early (t11 ¼ 3.99, P o 0.005) and late
(t11 ¼ 2.18, P o 0.05) trials (see Supplemen-
tary Fig. 1). This suggests that explicit knowl-
edge of feedback probabilities may not be
completely predictive of choice behavior for
partners of different perceived moral character.

To account for any asymmetry or special
characteristics in partner biographies that may

influence the results, we also conducted a separate trust game experi-
ment with a separate set of participants and a new set of biographies,
also depicted as morally good, bad and neutral (see Supplementary
Note). This additional behavioral study replicated the previous results
(Supplementary Fig. 2), further suggesting that moral and social
characteristics can influence decision-making in an economic game.

Neuroimaging results

We conducted analyses of functional magnetic resonance imaging
(fMRI) data separately for the outcome and decision phases. During
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Figure 1 Experimental design and behavioral

results. (a) A trial in the game was divided into a

decision phase and an outcome phase and was

played with one of three possible partners (good,

bad or neutral) or against the computer (lottery).

(b) Trustworthiness ratings, pre- and post-

experiment (± s.e.m.). Participants’ perception of

moral character influenced trust ratings before
experiment, which was adjusted after trial and

error. (c) Behavioral choices during experimental

sessions (± s.e.m.). Overall choices suggest

participants were affected by the moral character

of the fictional partner: rates of cooperation or

sharing were higher when playing with the good

partner, but not with the other partners.

Table 1 Brain areas activated during the outcome phase

Talairach coordinates

Region of activation Voxels Laterality x y z

Positive 4 negative feedback

Medial frontal gyrus (6) 17 L –24 –5 59

Medial frontal gyrus (6) 15 R 13 8 1

Precuneus (7) 116 R 21 –79 44

Middle frontal gyrus (10/46) 43 L –42 36 5

Caudate 222 R 15 20 7

Putamen 32 R 22 17 2

Caudate 707 R 13 8 1

Ventral striatum 12 R 16 0 –7

Inferior temporal gyrus (19) 14 R 55 –65 –2

Orbitofrontal gyrus (11) 11 R 29 27 –11

Parahippocampus gyrus 11 L –42 –34 –16

Negative 4 positive feedback

Insular cortex 14 R 54 8 13

The contrast of positive versus negative feedback yielded several regions defined by
strength of effect (P o 0.001) and size (10 or more voxels). The reverse contrast yielded
activation in one region. Brodmann’s areas are depicted in parentheses (under the Region
of activation column) when applicable. Cluster size (number of voxels) and laterality
(right or left hemisphere) are also given. The stereotaxic coordinates of the peak of the
activation are given according to Talairach space. The region of interest discussed in
the paper is in bold.
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the outcome phase, we conducted a random-effects general linear
model (GLM) analysis using each condition (good, bad, neutral and
lottery outcome trials) and associated outcome (positive and negative
feedback) as predictors. We generated statistical maps contrasting
positive and negative feedback. Positive feedback referred to a mone-
tary gain of $1.50 because the partner either cooperated (that is, ‘shared
back’ the money) or the participant hit the lottery; negative feedback
referred to no monetary gain ($0) either because the partner defected
(that is, kept the money) or the participant did not hit the lottery.
During the decision phase, we conducted a random-effects GLM
analysis using each condition (good, bad and neutral decision trials)
and the associated decision (share and keep) as predictors (for lottery
trials, play decisions were also used as a predictor). We generated
statistical maps (Tables 1–3) contrasting share and keep decisions.
From contrasts generated during the outcome and decision phases,
regions of interest (ROIs) in the striatum were identified based on peak
activity, and a priori analyses for individual conditions were performed
on each ROI using mean beta weights for each predictor.

Outcome phase

During the outcome phase, the contrast between positive (monetary
gain) and negative (monetary loss) feedback yielded activation in the
striatum, which was most robust in the ventral caudate nucleus (Fig. 2a
and Table 1). We defined an ROI centered on the peak of this caudate
activation. We then conducted additional analyses to investigate the
effects of social and moral bias on feedback processing within this
striatum ROI. First, we conducted a repeated-measures ANOVA using

participants’ mean beta weights. This analysis probed an interaction
between moral character (good and bad versus neutral) and outcome
(positive versus negative feedback). A significant interaction was
observed (F1,10 ¼ 5.13, P o 0.05), suggesting that perceived moral
character influenced the underlying neural activity involved in feed-
back processing (Fig. 2b).

To further explore the source of this interaction, we conducted two
ANOVAs comparing the good and bad partner separately with the
neutral partner. There was a significant interaction in the response to
positive and negative feedback between the good and neutral partner
(F1,10 ¼ 5.8, P o 0.05; Fig. 2c). Although a similar pattern was
observed for the bad partner, this interaction did not reach significance
(F1,8 ¼ 0.49, P ¼ 0.51; Fig. 2d).

Table 2 Brain areas activated during the decision phase

Talairach coordinates

Region of activation Voxels Laterality x y z

Share 4 keep decisions

Inferior parietal cortex (40) 32 L –66 –34 26

Insular cortex 43 L –47 18 10

Lingual gyrus (18) 15 R 6 –70 –13

Putamen 112 L –29 –16 3

Inferior occipital gyrus (18) 26 L –36 –79 –2

Ventral striatum 26 R 21 6 –4

Fusiform gyrus (19) 34 R 12 –64 –7

Fusiform gyrus (19) 27 R 22 –67 –11

Keep 4 share decisions

Perirhinal cortex 20 L –35 1 –25

Perirhinal cortex 45 R 32 –6 –28

The contrast of share versus keep decisions yielded several regions defined by strength of
effect (P o 0.001) and size (10 or more voxels). The reverse contrast yielded activation
in a few regions. Specific annotations in the table have been previously described. The
region of interest discussed in the paper is in bold.

Table 3 Brain areas activated during the decision phase contrasting

bias-incongruent choices

Talairach coordinates

Region of activation Voxels Laterality x y z

Precentral gyrus (4/6) 79 L –29 –17 68

Medial frontal gyrus (6) 67 R 2 1 57

Precentral gyrus (4) 24 L –50 –20 55

Precuneus (7) 57 R 7 –73 44

Cingulate cortex (32/6) 12 R 4 8 47

Cingulate cortex (32) 35 L –4 17 38

Cuneus (18/19) 20 R 2 –84 32

Inferior parietal cortex (40) 21 R 49 –32 25

Inferior parietal cortex (40) 14 L –49 –37 20

Middle occipital gyrus (19) 20 L –21 –88 17

Insular/frontal cortex 17 L –63 –6 10

Insular cortex 40 L –58 5 7

Insular cortex 21 L –47 14 3

Insular cortex 69 R 49 20 2

Cerebellum 119 L –31 –67 –22

Cerebellum 64 R 6 –78 –25

The contrast of decisions that were incongruent with behavioral bias (share with bad
partner and keep with good partner versus the alternative choices) yielded several regions
defined by strength of effect (P o 0.001) and size (10 or more voxels). Specific
annotations in the table have been previously described. Region of interests discussed
in the paper are in bold.
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partner but (d) not with the bad.
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Additional post-hoc investigations of the mean beta weights in the
ventral caudate ROI for each of the four individual conditions showed
that positive outcomes were significantly different from negative out-
comes for lottery (t11 ¼ 3.22, P o 0.005) and neutral partner (t10 ¼
5.03, P o 0.0005) trials, consistent with previous studies showing this
region differentiates between positive and negative outcomes8,25

(Fig. 3). Less differentiation was observed for trials with the bad
partner (t9 ¼ 1.57, P¼ 0.08). As expected from the interaction analysis,
no significant differences were observed for trials involving the good
partner (t11 ¼ 1.34, P¼ 0.11). An additional analysis on percent signal
change values showed that any difference observed between positive
and negative feedback was maximal at 6–9 s after feedback delivery,
consistent with previous studies of reward processing8,25 (see Supple-
mentary Note).

Decision phase

During the decision phase, activation of the
ventral striatum (nucleus accumbens and
ventral putamen) was observed when con-
trasting share and keep decisions (Table 2
and Fig. 4). We did not observe activity in
the caudate nucleus, in agreement with the
idea that although this area may be more
involved with processing feedback to guide
future behavior13,14, ventral portions of the
striatum may be more important for making
predictions14,26 and anticipating the out-
comes of risky decisions27,28. We used mean
beta weights extracted from this ROI in an
ANOVA similar to the one described in the
outcome phase to probe an interaction
between moral character (good and bad ver-
sus neutral) and decision (share versus keep).
No interaction was observed with this analysis
(F1,11 ¼ 0.22, P¼ 0.65). However, exploratory
analysis of each individual condition sug-
gested that some differences may exist. For
example, when subjects were playing with the
bad partner, mean beta weights for share
decisions were significantly higher than
those for keep decisions (t11 ¼ 2.64, P o
0.05), and lottery play decisions (t11 ¼ 2.00,

P o 0.05). For the neutral partner, we observed a trend both when
comparing beta weights for share and keep decisions (t11 ¼ 1.71,
P¼ 0.06) and when comparing them for share and lottery play decisions
(t11 ¼ 1.70, P¼ 0.06). We found no differences when participants were
playing the good partner in either comparison (share � keep:
t10 ¼ 1.29, P ¼ 0.11; share � lottery: t11 ¼ 0.40, P ¼ 0.35). Although
the individual conditions analysis supports the idea that prior moral
and social beliefs can influence the reward circuitry, the results must be
interpreted cautiously because of the lack of overall interaction between
moral character and decision.

Behavioral results showing that participants were more likely to
share when playing with the good partner and keep when playing with
the bad partner are consistent with the induced-bias manipulation.
Given this, we posited that areas involved in cognitive control and
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conflict evaluation would be recruited more strongly when participants
made bias-incongruent choices (that is, keep with the good partner and
share with the bad partner) compared with the alternative decision
(Table 3). As predicted, the contrast of bias-incongruent decisions
yielded activation in the cingulate and bilateral insular cortex (Fig. 5),
regions previously implicated in cognitive control, conflict monitoring
and fairness of decisions29–31. For the cingulate cortex, we used the
extracted mean beta weights in a repeated-measures ANOVA with
moral character (good, bad or neutral) and decisions (share and keep)
as factors. We found an interaction between moral character and
decision (F2,20 ¼ 4.92, Po 0.05), supporting the idea that the cingulate
cortex is involved in resolving moral conflicts32.

DISCUSSION

In the current study, participants played a trust game with three
hypothetical partners depicted as being of good, bad or neutral
moral character. The perception of moral characteristics biased pre-
experimental self-ratings of trust and behavioral choices as participants
chose to be more cooperative with the morally good partner. In
addition, this bias was successful in modulating neural structures
underlying reward and feedback learning. Specifically, activation in
the caudate nucleus was observed during the outcome phase for the
neutral partners and lottery trials, showing differential responses
between positive and negative feedback. These results are consistent
with the suggestion that the caudate nucleus is processing feedback
information5,7,8, especially when the feedback is behaviorally rele-
vant33,34, with the purpose of learning and adapting choices through
trial and error13,14. The neutral partner results are also consistent with
previously observed activation in the caudate nucleus when contrasting
reciprocated and unreciprocated cooperation during an economic
game in which participants had no prior knowledge about their trading
partners35. In contrast, the differential response in the caudate nucleus
was either not as robust (bad partner) or nonexistent (good partner)
when participants had an expectation about the trial on the basis of the
partner’s perceived moral character. This was especially interesting
during good partner interactions, where the number of share choices
remained larger than in other conditions, even though frequent
violations of expectations occurred.

In a rational choice framework23, the finding that feedback proces-
sing in the human caudate nucleus and subsequent behavior are altered
by perceptions of social and moral characteristics might seem puzzling,
because individuals are assumed to always be alert to the possibility that
exchange partners will behave opportunistically. In Bayesian terms, the

character profiles may create a prior belief but feedback should also
adjust this prior belief to reflect new evidence. The results suggest
that the good profile not only creates a prior belief, but also disrupts
the regular encoding of evidence, or learning, from surprising
keep outcomes.

Further, the lack of differential responses between positive and
negative outcomes when playing with the morally good partner stands
in contrast to error-prediction learning during trial-and-error associa-
tion tasks24,36. This learning hypothesis would predict a sharp decrease
in the feedback response following violations of expectations, a finding
that has been observed in different parts of the human striatum37,38,
more recently in the caudate nucleus39. Although the coding of a
teaching signal in the caudate nucleus, reflected during feedback
processing, was apparent when subjects were playing with the morally
neutral partner and, to a lesser extent, with the bad partner, it was not
observed during trials with the good partner. Participants instead
seemed either less reliant on feedback information or discounted this
information. These results indicate that perceptions of moral charac-
teristics can influence choices and the neural mechanisms involved in
feedback processing in trial-and-error learning.

During the decision phase, activation was observed in the more
ventral portions of the striatum when contrasting risky share decisions
with keep choices. This is consistent with the idea that although the
dorsal striatum is more involved in processing feedback contingent
on choices13,14, the human ventral striatum has been primarily linked
with a role in making predictions14,26 and anticipating the outcomes
of risky decisions27,28.

In this study, the riskier decisions involved the bad and neutral trials,
both of whose mean beta scores suggested a differential response
between share and keep. This activation was not merely due to anti-
cipation of a reward, as mean beta scores for share decisions were also
higher than those for lottery play in which participants also anticipated
a potential gain of the same monetary value. As in the outcome phase,
no differential responses were observed for the good partner, perhaps
owing to a smaller expectation of risk, further supporting the idea that
moral and social perceptions can influence choices. An alternative
hypothesis, however, is that participants had a reward reaction to the
presentation of the morally good partner, irrespective of decision. This
could occur for two potential reasons. First, in previous studies of
economics games, activation of the ventral striatum has been reported
during cooperation21 and in response to pictures of previous coopera-
tors40, suggesting that participants possibly experienced the presenta-
tion of the good partner, or the idea of transferring funds to him, as
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Figure 5 Cingulate cortex activation during the decision phase. (a) Activation of cingulate and insular

cortex. Contrast of bias-incongruent decisions (that is, share with the bad partner and keep with the

good partner). (b–d) Time course of activation (± s.e.m.) for cingulate cortex (Brodmann’s area 32;

x, y, z ¼ –4, 17, 38). No differences between ‘share’ and ‘keep’ decisions are observed for (b) the

neutral partner, but such differences are observed for (c) good and (d) bad partners, consistent with

bias-incongruent behavioral decisions.
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rewarding in itself. A second possibility is that the reward response
elicited by the good partner is owing to the participant’s experience of
possible revenge with a keep decision, because this partner violated
trust on half the trials41. Although it is unclear what specifically the
ventral striatum is responding to (that is, anticipation or prediction of
risky decision or reward response owing to presentation of face or
opportunity for revenge), reward-related activation in this region may
also be modulated by moral and social perceptions.

Our manipulation of the perception of moral characteristics was
evident in the behavioral choices, as participants chose to share more
with the morally good partner and keep more with the morally bad
partner. This bias suggests that cognitive mechanisms involved in
conflict processing are recruited when subjects are making a bias-
incongruent choice, such as choosing to keep when playing the good
partner. Such contrast revealed activation in a number of areas
(Table 3), including the following: the cingulate cortex, previously
linked to conflict monitoring29, cognitive control29,31 and resolving
difficult moral conflict that may involve personal violations of values32;
and bilateral insular cortex, implicated in general uncertainty and
arousal responses42 and fairness of decisions30. Taken together, these
results suggest that although moral information can modulate reward-
and feedback-based learning systems in the human brain, the neural
circuitry involved in conflict monitoring processes remain unaltered, as
participants’ analysis of difficult moral decisions are consistent with
previous conflict monitoring studies.

In the current experiment, participants’ choice behavior in an
iterated version of the trust game was influenced by a previous bias
regarding moral character. The data suggest that a signal linked to
trial-and-error feedback processing, which serves to adapt and opti-
mize choices, was observed in the caudate nucleus during conditions
where no information (that is, lottery trials) or little relevant informa-
tion (that is, neutral partner trials) was available. However, the
availability of prior information about moral character diminished
the differential signal observed in the caudate. This led participants to
discount feedback information and not adapt their choices accordingly,
despite showing declarative evidence of learning (as indicated by
participant’s pre- and post-experiment trustworthiness self-ratings).
What remain unanswered are the following questions: (i) what neural
mechanisms are linked to this modulation of the teaching signal
observed in the caudate nucleus, and (ii) what neural mechanisms
are underlying the learning as expressed by changes in the explicit
ratings of trustworthiness?

Although the current study cannot provide conclusive answers to
these questions, it is clear from both the human and animal literature
that there are multiple, interacting systems linked to learning and
memory2,43–46 and that different tasks rely on these systems to varying
degrees. In particular, it has been suggested that the caudate feedback
learning mechanism may be less involved in tasks where declarative,
hippocampal-dependent knowledge can be used to guide behavior2,44.
This raises the possibility that the lack of observed differential activity
in the striatum, as well as the declarative learning shown at the end of
the experiment (pre- and post-experiment self-ratings), are hippocam-
pally mediated. We did not observe activation in the hippocampus in
our analysis at the thresholds selected for significance. This is perhaps
due to the fact that the design used was not optimized to observe
hippocampal-dependent learning throughout the task. Additional
experiments will be needed to further investigate this potential inter-
action between the caudate feedback learning system and the hippo-
campus-declarative memory system during economic interactions.

Moral assessment is a complex domain that needs to be considered
when investigating human interactions and decision-making. Future

studies are necessary to understand why certain behaviors are affected
by a sense of moral obligation. Self-interest alone cannot explain,
for example, why people would leave tips in a restaurant they will
never visit again. The present study suggests that moral and social
perceptions can modulate neural mechanisms associated with feedback
and reward processing and cognitive control, thereby influencing our
day-to-day choices.

METHODS
Participants and procedure. Fourteen right-handed volunteers participated in

this study (8 male, 6 female; average age: mean ¼ 26.64, s.d. ¼ 4.11). One parti-

cipant was removed from further analysis because of scanner malfunction, and

another because of a failure to comprehend instructions (as assessed through

post-experimental forms, behavioral results and self-assessment). Data acquired

from the 12 remaining participants was included in the analysis. Participants

responded to posted advertisements and gave informed consent according to the

New York University’s Committee of Activities Involving Human Subjects.

Participants were instructed that they were playing a trust game and that

they would be playing the three hypothetical partners described in three

separate biographies (see Supplementary Note). Each partner was introduced

with a picture (white, neutral, male faces taken from the NimStim Face

Stimulus Set; N. Tottenham, A. Borscheid, K. Ellertsen, D.J. Marcus &

C.A. Nelson, Cogn. Neurosci. Soc. Abstr. 2002) and a biography describing his

characteristics and a recent noteworthy event. Two of the biographies were

constructed so as to depict partners with exaggerated moral qualities: one

praiseworthy (an English graduate student and volunteer inner-city teacher

who rescued a friend from a fire during a crowded concert), and the other

suspect (a business graduate student who had been arrested for trying to sell

tiles of the space shuttle Columbia on an Internet auction site). The third

biography described an engineering graduate student who narrowly missed a

doomed flight, but contained no information relevant for assessing his moral

character. Participants were instructed that the fictional partners may or may

not play according to their described personality or moral characteristics. In

fact, each partner had the same 50% reinforcement rate.

Each trial proceeded as follows (Fig. 1). The trial was divided into a decision

phase and an outcome phase. During the decision phase, participants viewed

the name and face of the partner and the options to keep or share, for

3 s followed by a 12-s interval. During the outcome phase, one of three possible

outcomes was displayed, indicating the following: (i) the participant chose to

keep, (ii) the partner chose to keep or (iii) the partner chose to share. The

feedback was presented for 1 s, followed by a 12-s interval. Participants were

told they would also play trials involving a lottery game, intermixed with trust

trials. In the lottery, participants viewed a dollar sign and chose between ‘No’

and ‘Yes’ for a chance to gain $1.50. There was no penalty for losing the lottery.

Thus, as expected, ‘No’ responses were never recorded. There were 96 inter-

leaved trials, divided into 8 runs of 12 trials each. Participants played with each

partner 24 times and played 24 lottery trials.

Before the scanning session, participants filled out a seven-point Likert-scale

questionnaire, rating the perceived trustworthiness of the three partners. The

same questionnaire and additional assessments of learning were administered

following the scanning session. After the experimental session was complete,

participants were debriefed and paid according to performance (the monetary

sum acquired in four out of eight blocks of trials, chosen randomly). Although

trial order was predetermined, outcome and feedback were contingent on

performance and varied between participants. There were two counterbalanced

trial orders, and all three pictures used to represent the partners’ faces were

counterbalanced across the study. Trials in which a response was not made in

time carried a monetary penalty of $1.00 and were excluded from further

analysis. Stimulus presentation and behavioral data acquisition were controlled

by a Macintosh computer with PsyScope software47.

Behavioral analysis. During the behavioral session, we analyzed data pertaining

to reaction time and choice (‘keep’ or ‘share’ decision). We used paired t-tests to

compare the percentage of time share and keep decisions were made, for each

partner individually and also compared decisions between partners. We

conducted similar analyses to compare reaction time data. Finally, to determine
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how participants adapted their choices as the session progressed, we performed

an analysis of early decisions (trials included in the first two fMRI runs, roughly

six per partner) and late decisions (last two fMRI runs), using paired t-tests.

For the questionnaire data (acquired using a seven-point scale), we con-

ducted a repeated-measures ANOVA using participants as a random factor

(n ¼ 12), with type of partner (good, bad and neutral) and time of rating (pre-

and post-experiment) as within-subject factors. We also used paired t-tests to

analyze the final post-experiment question regarding the percentage of time

participants believed each partner shared with them.

fMRI acquisition and analysis. We used a 3-Tesla Siemens Allegra scanner to

collect structural (T1-weighted MPRAGE: 256 � 256 matrix; FOV ¼ 256 mm;

176 1-mm sagittal slices) and functional images (single-shot gradient echo EPI

sequence; TR ¼ 2000 ms; TE ¼ 25 ms; FOV ¼ 192 cm; flip angle ¼ 801; matrix

¼ 64 � 64; slice thickness ¼ 3 mm). Forty contiguous oblique-axial slices (3 �
3 � 3 mm3 voxels) parallel to the anterior commissure–posterior commissure

(AC-PC) line were obtained. fMRI data was analyzed using Brain Voyager

software. Preprocessing included motion correction (six-parameter, three-

dimensional motion correction), spatial smoothing (4-mm FWHM), voxel-

wise linear detrending, high-pass filtering of frequencies (3 cycles per time

course) and normalization to Talairach stereotaxic space48.

We performed random-effects analyses on the functional data for the

decision and outcome phase separately. For the outcome phase, we defined a

general linear model (GLM) that included eight regressors: two outcomes

(positive or negative) for each of four situations (good, bad, neutral or lottery).

We conducted a similar GLM during the decision phase that included seven

regressors: two decisions (keep or share) for each of three partners (good, bad

or neutral), and a lottery play trial. Statistical maps were created using a

threshold of P o 0.001 with a cluster threshold of 10 voxels49. The primary

contrasts of interest was the differential response between all positive and

negative feedback during the outcome phase, and the differential response

between all share and keep choices during the decision phase. A secondary

analysis contrasted bias-incongruent (for example, keep with good partner) and

bias-congruent choices during the decision phase.

These overall contrasts yielded several regions, including striatum ROIs. We

derived statistics from each functional ROI after identifying the peak of

activation and surrounding voxels encompassing 10 mm3. During the outcome

phase, a striatum ROI was present in the right hemisphere and contained two

separate peaks. The largest peak of activation was observed in the ventral head

of the caudate nucleus (x, y, z¼ 13, 8, 1), which was similar in location to other

recent reward-learning studies11,12. We then used mean beta weights extracted

from this ROI in a repeated-measures ANOVA that probed the interaction

between moral character (good and bad versus neutral) and outcome (positive

versus negative feedback). To explore the source of the interaction, we

conducted two additional ANOVAs comparing the good and bad partner

separately with the neutral partner. We further investigated these ROIs using

mean beta weights for each predictor, which were compared using one-tailed

paired t-tests. Finally, we plotted time-series data for target ROIs averaged over

trials for each individual playing partner and the lottery.

Note: Supplementary information is available on the Nature Neuroscience website.
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